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Claim 

A type of polyphenylene ether block copolymer represented by the following formula: 
Rm 0 ® R& 

(where R 1 groups independently represent a hydrogen atom, halogen atom, hydrocarbon residual 
group, halo-hydrocarbon residual group, hydrocarbon oxy group, or halo-hydrocarbon oxy 
group; R 2 represents a C5-20 alkylene group or polyalkylene polyether with a molecular weight 



2 



of 2000 or smaller; m represents the substituting degree and it is an integer in the range of 0-4; n 
represents an integer in the range of 1-100; and x and y represent the polymerization degree of 
the polyphenylene ether, and they are integers in the range of 50-250). 

Detailed explanation of the invention 
Technical background of the invention 
Technical field 

This invention pertains to a type of polyphenylene block copolymer with improved 
properties. 

Polyphenylene ether resin has excellent electric properties and mechanical properties, and 
a high thermal deformation temperature. Consequently, it is attractive as a highly useful 
engineering plastic material. However, it has a high melting point, and poor thermal stability at a 
high temperature, so that it is hard to perform molding processing in the melt state. 

Prior art 

As a method for improving the moldability of polyphenylene ether resin, it can be 
blended with other resins. For example, Japanese Kokoku Patent No. Sho 43 [1968]- 178 12 
described a method in which polyphenylene ether is blended with high-impact polystyrene. For 
this blend, improvement is realized with respect to the moldability and impact strength of the 
polyphenylene ether resin. The blend has been marketed in the name of Noril [transliteration]. 
However, the moldability of this blend is still insufficient. 

As another method for improving the moldability of polyphenylene ether resin, studies 
have been made on the addition of a plasticizer. For example, Japanese Kokoku Patent No. 
Sho 49[1974]-5220 described a method in which the moldability is improved by adding a 
compound selected from an aromatic organic acid ester, a polyester having an aromatic nucleus, 
an organic phosphoric ester having an aromatic nucleus, and a chlorinated aromatic hydrocarbon, 
which have excellent compatibility with polyphenylene ether resin, into polyphenylene ether or a 
mixture of polyphenylene ether and polystyrene. In this case, however, although addition of the 
plasticizer improves the moldability, it nevertheless leads to significant degradation in the 
thermal performance. 

Abstract of the invention 
Objective 

In order to improve the moldability of polyphenylene ether without degradation in high 
performance properties, the present inventors have performed extensive studies. As a result, it 
was found that a polyphenylene ether block copolymer with the following structure has much 
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better moldability than that of polyphenylene ether resin. In addition, amazingly, it displays 
improvement also in mechanical strength, especially impact strength. 

Gist 

This invention provides a type of polyphenylene ether block copolymer represented by 
the following formula: 

Rm O O R'a 

a 

(where R 1 groups independently a represent hydrogen atom, halogen atom, hydrocarbon residual 
group, halo-hydrocarbon residual group, hydrocarbon oxy group, or halo-hydrocarbon oxy 
group; R 2 represents a C5-20 alkylene group or polyalkylene polyether with a molecular weight 
of 2000 or smaller; m represents the substituting degree and it is an integer in the range of 0-4; n 
represents an integer in the range of 1-100; and x and y represent the polymerization degree of 
the polyphenylene ether, and they are integers in the range of 50-250). 

Effects 

For the polyphenylene ether block copolymer of this invention, it is possible to improve 
the moldability with little degradation in the various high performance properties of the 
polyphenylene ether resin, and, it is possible to improve the mechanical strength, especially 
impact strength over those of a conventional polyphenylene ether. 

Detailed explanation of the invention 
1. Polyphenylene ether block copolymer 
(1) Manufacturing method 

The polyphenylene ether block copolymer of this invention can be manufactured easily 
by means of a reaction between polyphenylene ether and aliphatic dialcohol via an aromatic 
dicarboxylic acid. 

(a) Structural components 
Polyphenylene ether 

Polyphenylene ether used in forming said polyphenylene ether block copolymer is 
represented by the following formula: 
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where substituent R 1 [sic; R] represents a hydrogen, halogen atom, hydrocarbon residual group 
(especially a Cl-12 alkyl group), halo-hydrocarbon residual group (especially a Cl-12 halo-alkyl 
group), hydrocarbon oxy group (especially a Cl-12 alkyloxy group), or halo-hydrocarbon oxy 
group (especially a Cl-12 halo-alkyloxy group, and it is preferred that at least two carbon atoms 
be present between the phenyl group and any halogen that should be bonded to said group). It is 
preferred that the hydrocarbon or hydrocarbon portion of said group be free of a 
tertiary-cc-carbon atom, m represents the substituting degree, and it is an integer up to 4. N 
represents the polymerization degree, and it should be in the range of 50-250, or preferably in the 
range of 100-200. The polyphenylene ether and its manufacturing method are irrelevant to this 
invention themselves. As needed, one can find them in the following references: US Patent 
No. 3,257,357, No. 3,306,874, etc. Usually, polyphenylene ether can be manufactured by 
oxidation coupling of the corresponding phenolic compound. Depending on the positions and 
types of substituents (see said formula) as well as the polymerization method, it is also possible 
to obtain types other than 1,4-bonds and copolymers. Such types of polyphenylene ether are also 
included in this invention as long as the gist of this invention is observed. 

The following are examples of polyphenylene ether that can be used in this invention. 

Poly(2,6-dimethyl- 1 ,4-phenylene)ether, poly(2-methyl-6-ethyl- 1 ,4-phenylene)ether, 
poly(2-methyl-6-propyl- 1 ,4-phenylene)ether, poly (2,6-dipropyl- 1 ,4-phenylene)ether, 
poly(2-ethyl-6-propyl-l,4-phenylene)ether, poly(2,6-dilauryl-l,4-phenylene)ether, 
poly(2,6-diphenyl-l,4-phenylene)ether, poly(2,6-dimethoxy-l,4-phenylene)ether, 
poly(2,3,6-trimethyl-l,4-phenylene)ether, poly(2,3,5,6-tetrapropyl-l,4-phenylene)ether, 
poly(2,6-diethoxy-l,4-phenylene)ether, poly(2-methoxy-6-ethoxy-l,4-phenylene)ether, 
poly(2-ethyl-5-stearyloxy-l,4-phenylene)ether, poly(2,6-dichloro-l,4-phenylene)ether, 
poly(2,3-dimethyl-5-chloro-l,4-phenylene)ether, poly(2-methyl-6-phenyl-l,4-phenylene)ether, 
poly(2,6-dibenzyl-l,4-phenylene)ether, poly(3-chloro-l,4-phenylene)ether, 
poly(3,5-diethyl-l,4-phenylene)ether, poly(3-ethoxy-l,4-phenylene)ether, 
poly(2-chloro-l ,4-phenylene)ether, poly(2,5-dibromo-l ,4-phenylene)ether, etc. 



Aliphatic dialcohol 

Examples of aliphatic dialcohol include alkylene diol and polyalkylene glycol. When the 
chain is too short, the effect becomes less significant. On the other hand, if the chain is too long, 
the thermal performance degrades. The molecular weight is preferably in the range of 100-2000. 
Specific examples include 1,8-octanediol, 1,10-decanediol, polyethylene glycol, 
polytetramethylene glycol, etc. 

Aromatic dicarboxylic acid 

Examples of aromatic dicarboxylic acids include terephthalic acid, isophthalic acid, 
ortho-phthalic acid, etc. Among them, terephthalic acid is preferred. 

In this case, instead of the acid chloride of the aromatic dicarboxylic acid, one may make 
use of the diethylether of the aromatic dicarboxylic acid or the aromatic dicarboxylic acid itself 
as is. 

(b) Manufacturing conditions 

Generally speaking, the following three methods may be adopted in manufacturing a 
polyphenylene ether block copolymer of this invention. 

In the first method, an aliphatic dialcohol is reacted with an equal or more molar amount 
of the acid chloride of an aromatic dicarboxylic acid to form a reaction intermediate body having 
acid chloride at its two terminals. The molecular weight of the intermediate body can be 
controlled by means of the charge ratio of the aliphatic dialcohol and the acid chloride of an 
aromatic dicarboxylic acid. Then, the reaction intermediate body having acid chloride at its two 
terminals prepared in the aforementioned way is reacted with polyphenylene ether to form the 
desired polyphenylene ether block copolymer. 

In the second method, polyphenylene ether is reacted with the acid chloride of an 
aromatic dicarboxylic acid to form a polyphenylene ether intermediate body having an aromatic 
carboxylic acid chloride at its terminals, and it is reacted with aliphatic dialcohol to form the 
desired polyphenylene ether block copolymer. For the polyphenylene ether block copolymer 
prepared in this method, n is 1 in the following formula: 

O O Km 
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In the third method, the acid chloride of an aromatic dicarboxylic acid in the presence of 
polyphenylene ether is reacted with aliphatic dialcohol to form the desired compound. 

As in the first method, in the second and third methods, instead of the acid chloride of an 
aromatic dicarboxylic acid, one may make use of a dimethyl ester of an aromatic dicarboxylic 
acid or an aromatic dicarboxylic acid itself as is. 

Any of said three methods may be used in manufacturing a polyphenylene ether block 
copolymer. However, compared with the first and second methods, the third method has a 
tendency of a broader distribution of molecular weight. 

As far as the reaction conditions are concerned, in the step of manufacturing of the 
reaction intermediate body and in the step of obtaining the polyphenylene ether block copolymer, 
when terephthalic acid chloride is used in benzene or another dissoluble solvent, reaction is 
performed at 30-100°C for 1-8 h with agitation. In this case, as needed, one may also make use 
of pyridine, triethylamine, and other amines. 

2. Characteristics of the block copolymer 

For the polyphenylene ether block copolymer prepared in this way, with little degradation 
in the high performance properties of polyphenylene ether resin, it is possible to improve the 
moldability significantly, and it is possible to significantly improve the mechanical strength, 
especially the impact strength. 

The polyphenylene ether block copolymer of this invention is a copolymer represented by 
the following formula: 




(where R [sic; R 1 ] groups independently represent a hydrogen atom, halogen atom, hydrocarbon 
residual group, halo-hydrocarbon residual group, hydrocarbon oxy group, or halo-hydrocarbon 
oxy group; R represents a C5-20 alkylene group or polyalkylene polyether with a molecular 
weight of 2000 or smaller; m represents the substituting degree and it is an integer in the range of 
0-4; n represents an integer in the range of 1-100; and x and y represent the polymerization 
degree of the polyphenylene ether, and they are integers in the range of 50-250). 

In the aforementioned formula, x and y represent the polymerization degree of the 
polyphenylene ether, and they are integers in the range of 50-250, or preferably in the range of 
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100-200. If smaller than 50, the electric characteristics, a characteristic feature of polyphenylene 
ether, degrade. On the other hand, if over 250, improvement of the moldability is less significant, 
In addition, n represents an integer in the range of 1-100. If it is larger than 100, the heat 
resistance degrades. Also, when R 2 represents a polyalkylene polyether, one may use a 
polyalkylene polyether with molecular weight of 2000 or smaller, or preferably in the range of 
500-1000. 

3. Blends with other resins 

Said polyphenylene ether block copolymer may be used alone, or as a blend with a 
polystyrene based polymer, or as a blend with a resin composition made of a polyphenylene 
ether and a polystyrene based polymer. 

Because the copolymer of this invention has improved moldability, it can be used alone. 
However, in consideration of the cost, it is preferred that it be used as a blend with a polystyrene 
based polymer. 

Also, the composition of the polyphenylene ether block copolymer of this invention may 
contain other additives, such as a plasticizer, pigment, flame retarding agent, reinforcing agent, 
such as glass filaments or fibers, stabilizer, etc. 

In the following, this invention will be explained in more detail with reference to 
application examples. 

Application Example 1 

Manufacturing of polyester intermediate body 

Polytetramethylene glycol having OH at two terminals (MW2080) was reacted with 
10-fold (molar amount) terephthalic acid dichloride at 50°C for 1 h, and then at 120°C for 
30 min, while the hydrochloric acid gas generated in the process was exhausted. After 
completion of the reaction, the excess terephthalic acid dichloride was removed in vacuum at 
100°C or lower temperature, forming a reaction product of polytetramethylene 
glycol-terephthalic acid chloride. According to GPC analysis and from the neutralization 
equivalent after treatment with water, the product was found to be the 1/2 reaction product of 
polytetramethylene glycol/terephthalic acid dichloride. 

Manufacturing of block copolymer 

100 g of polyphenylene ether with ft] of 0.46 (chloroform at 30°C) ( Mn of 23,000) and 
500 mL of dehydrated benzene were agitated for formation of a solution in a nitrogen 
atmosphere at 50°C. Then, 5.31 g (2.20 mmol) of said reaction product and 0.70 g (8.80 mmol) 
of dehydrated pyridine were added into the solution, followed by agitation at 50°C for 1 h for 
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reaction. After end of the reaction, methanol was used for re-precipitation, followed by washing 
and drying to form a polyphenylene ether block copolymer. It has [ti] of 0.58. 

Measurement of properties 

Specimens were prepared using a press. The thermal deformation temperature under a 
load of 18.6 kg was measured, and was found to be 183°C. The DuPont impact strength was 
found to be 30 kg-cm or higher (Test was performed by setting a specimen (thickness of 0.6 mm) 
between a hammer (12.5 mm in diameter) and a table having a dent in it, and the hammer with a 
prescribed weight (300 g) was allowed to fall. The energy corresponding to 50% damage was 
taken as the DuPont impact strength). Also, the MI measured at 280°C and under a load of 20 kg 
was found to be 2.1 g/10 min. 

Application Example 2 

A polyphenylene ether block copolymer with [r|] of 0.46 was prepared in a reaction 
performed in the same way as in Application Example 1, except that polyphenylene ether with 
[ti] of 0.33 ( Mn of 14,000) was used, and 8.75 g (3.63 mmol) of the 1/2 reaction product of 
polytetramethylene glycol/terephthalic acid dichloride and 1.18 g (14.5 mmol) of dehydrated 
pyridine were used. The properties of the obtained product were measured in the same way as in 
Application Example 1. It was found that the thermal deformation temperature is 175°C, the 
DuPont impact strength is 12 kg-cm, and the MI is 15 g/10 min. 

Application Example 3 

Manufacturing of polyester intermediate body 

1,10-decanediol was reacted with 10-fold (molar amount) terephthalic acid dichloride at 
70°C for 1 h, and then at 120°C for 30 min, while the hydrochloric acid gas generated in the 
process was exhausted. After completion of the reaction, the excess terephthalic acid dichloride 
was removed in a vacuum at 100°C or lower temperature, forming a reaction product of 
1,10-decanediol-terephthalic acid dichloride. According to GPC analysis and from the 
neutralization equivalent after treatment with water, the product was found to be the 1/2 reaction 
product of 1,10-decanediol/terephthalic acid dichloride. 

Manufacturing of block copolymer 

A polyphenylene ether block copolymer with [r|] of 0.41 was obtained in a reaction 
performed in the same way as in Application Example 2, except that 1.84 g (3.63 mmol) were 
used. 
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Measurement of properties 

The properties were measured using the same methods as those in Application 
Example 1. It was found that the thermal deformation temperature is 200°C, the DuPont impact 
strength is 12 kg-cm or higher, and the MI is 35 g/10 min. 

A pplication Example 4 

Manufacturing of polyester intermediate body 

100 g of polyphenylene ether with [r\] of 0.46 (Mn of 23,000) and 500 mL of dehydrated 
benzene were agitated for solution formation in a nitrogen atmosphere. A significantly excess 
amount (8.94 g (44.0 mmol)) of terephthalic acid dichloride and 3.56 g (44.0 mmol) of 
dehydrated pyridine were added into it, followed by agitation for reaction at 50°C for 1 h. After 
completion of the reaction, benzene in the solvent was removed in a vacuum, and the 
temperature was raised to 150°C to remove terephthalic acid dichloride, forming a 
polyphenylene ether-terephthalic acid dichloride reaction product. According to GPC analysis 
and terminal group measurement using IR absorption method, the reaction product was found to 
be a 1/1 reaction product of polyphenylene ether/terephthalic acid dichloride. 

Manufacturing of block copolymer 

100 g of said reaction product and 500 mL of dehydrated benzene were agitated for 
solution formation at 50°C in a nitrogen atmosphere. After 4.58 g (2.20 mmol) of 
polytetramethylene glycol (MW2,080) and 0.70 g (8.80 mmol) of dehydrated pyridine were 
added, the mixture was agitated for reaction at 50°C for 1 h. After completion of the reaction, 
methanol was used to perform re-precipitation, followed by washing and cleaning to form a 
polyphenylene ether block copolymer with [r\] of 0.55. 

Measurement of properties 

The properties were measured using the same methods as those in Application 
Example 1. It was found that the thermal deformation temperature is 180°C, the DuPont impact 
strength is 30 kg-cm or higher, and the MI is 2.0 g/10 min. 

Comparative Example 1 

100 g of polyphenylene ether with [r|] of 0.46 and 4.53 g (2.20 mmol) of 
polytetramethylene glycol were dissolved in a benzene solvent to form a solution blend. After 
blending, the solvent was distilled off to obtain a blend. The properties were measured using the 
same methods as those in Application Example 1. It was found that the thermal deformation 
temperature is 160°C, the DuPont impact strength is 9 kg-cm, and the MI is 13 g/10 min. 
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Comparative Example 2 

For polyphenylene ether with [r|] of 0.46, the properties were measured using the same 
methods as those in Application Example 1. It was found that the thermal deformation 
temperature is 202°C, the DuPont impact strength is 12 kg-cm, and the MI is 0.8 g/10 min. 

Application Example 5 

50 g of polyphenylene ether block copolymer obtained in Application Example 1 and 
50 g of high-impact polystyrene (475-D, product of Asahi Dow Co., Ltd.) were blended using a 
Brabender blender at 250°C for 10 min to form a polyphenylene ether composition. The 
properties were measured using the same methods as those in Application Example 1. It was 
found that the thermal deformation temperature is 130°C, the DuPont impact strength is 
12 kg-cm, and the MI is 90 g/10 min. 

Application Example 6 

A polyphenylene ether composition was prepared in the same way as in Application 
Example 5, except that the polyphenylene ether block copolymer prepared in Application 
Example 2 was used in this case. The properties were measured using the same methods as those 
in Application Example 1. It was found that the thermal deformation temperature is 131°C, the 
DuPont impact strength is 10.5 kg-cm, and the MI is 130 g/10 min. 

Comparative Example 3 

A polyphenylene ether composition was prepared in the same way as in Application 
Example 5, except that polyphenylene ether with [r\] of 0.46 was used in this case. The properties 
were measured using the same methods as those in Application Example 1. It was found that the 
thermal deformation temperature is 133°C, the DuPont impact strength is 7.5 kg-cm, and the MI 
is 46 g/10 min. 



